The preference of modern consumers for high-quality meat has forced breeders to use native breeds to produce capons. Caponization, both chemical and surgical, leads to androgen deficiency and changes in lipid metabolism and results in the accumulation of abdominal, subcutaneous, and intramuscular lipids, which change the sensory values of the meat. The aim of this study was to histologically evaluate selected skeletal muscles from Greenleg Partridge capons and cockerels. We examined lipid localization in the muscular tissue and also assessed both fiber type and fiber diameter in the pectoral muscles. The experiment was performed on 200 Greenleg Partridge cockerels and testes were removed at 8 wk of age. At 12, 16, 20, 24, and 28 wk of age, 6 cockerels and 6 capons were slaughtered, and samples from the pectoral and thigh muscles were evaluated. Our histopathological evaluation revealed only minimal changes, and no significant differences between capons and cockerels were observed. The pectoral and thigh muscles of the capons had higher concentrations of lipids around the blood vessels, in the perimysium, in the endomysium, and in the sarcoplasm. The analysis of fiber type in the Pectoralis major muscles revealed that the fibers were all the IIB type. The diameters of the fibers of the pectoral muscles were significantly different (P < 0.05) at 20, 24, and 28 wk of age, and diameters of the giant fibers were significantly different (P < 0.05) at 24 and 28 wk of age. High concentrations of lipids in the meat of the capons is undesirable due to health-related reasons. However, the ability of adipose tissue to improve the sensory values of meat will always be a major quality of native/traditional products.
INTRODUCTION
The caponization technique is a practice that has been used since ancient times, and it enables the production of heavier birds and more savory meat. For many years, capons had vanished from the European meat market. However, requests from modern consumers for exquisite taste has led breeders/farmers to use the native breeds to produce capons. Capon meat has recently increased in popularity due to its flavor, texture, and tenderness, which make it a unique meal.
Caponization can be accomplished either chemically or surgically (Rahman et al., 2004; Sirri et al., 2009; Chen et al., 2010) , and the methods are chosen based on ethical reasons and local restrictions. In general, castration leads to androgen deficiency and changes in lipid metabolism, which results in the accumulation of abdominal, subcutaneous, and intramuscular lipids. Several authors have shown that caponization changes the lipoprotein profile and increases abdominal fat accumulation. Chen et al. (2005) reported increased levels of abdominal fat, triacylglycerols, and total content of low and high density lipoprotein (LDL and HDL) in capons compared to leghorn chickens. Similarly, Sirri et al. (2009) observed a higher content of total lipids, cholesterol, and ash in both the breast and thigh meat of capons. Other authors have focused on the intramuscular fat content. Symeon et al. (2010) studied mediumgrowing broilers and reported a higher fat percentage in the thigh muscles compared to intact cockerels. Sinanoglou et al. (2011) found that capons had a significantly higher content of total intramuscular fat and abdominal adipose tissue compared with intact males.
Androgen deficiency after testes removal also influences muscle fiber diameter. Lin and Hsu (2002) have shown that testes removal results in a smaller fiber diameter in the Pectoralis major muscles of Taiwan country chickens. These results were similar to the observations of Calik et al. (2015) in which a smaller diameter was observed in Greenleg Partridge capons after 24 wk of fattening.
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Modern cooking trends tend to involve capon production in native lines of birds. Several native chickens are caponized, such as Castellana Negra chickens (Miguel et al., 2008) , Taiwan country chickens (Chen et al., 2006) , Nara chickens (Rahman et al., 2004) , and Extremena Azul chickens (Duran, 2004) . Polish native breeds such as the Greenleg Partridge, the Yellowleg Partridge, and locally adapted breeds (Rhode Island Red, Sussex, and Barred Rock) also are used for caponization (Calik, 2014; Calik et al., 2015; Kwiecień et al., 2015; Adamski et al., 2016) . Recently, the Greenleg Partridge has become especially popular for capon production in Poland. Kwiecień et al. (2015) has shown that there is an increase in the weight of abdominal fat and breast meat in Greenleg Partridge capons. Additionally, the thigh and breast meat of capons has a higher fat content (%) compared to meat from intact males. In accordance, Calik et al. (2015) has reported a higher abdominal fat content and final body weight in Greenleg Partridge capons, but they did not observe any differences in the fat composition (%) of the breast and leg muscles.
Poultry scientists also have begun to evaluate muscle fiber types. Smith and Fletcher (1988) have determined the fiber types in broilers, Athens-Canadian randombred chickens, roosters, and broiler breeder hens. Native breeds from Thailand also have been examined to establish the breast muscle type, including Thai native, Barred Plymouth Rock, and Shanghai chickens (Jaturasitha et al., 2008) . Verdiglione and Cassandro (2013) have evaluated the fiber types of Italian native breeds and their crossbreeds. However, they did not report on whether caponization had an impact on the type of muscle.
These studies were based on the evaluation of carcasses from different breeds of capons, but there is a lack of information concerning histological evaluations of skeletal muscles after caponization. Additionally, there is no information concerning the specific localization of lipids in skeletal muscles to help determine if the localization of lipids is important to the analysis of tenderness.
The aim of this study was to histologically evaluate selected skeletal muscles from Greenleg Partridge capons and cockerels. We examined lipid localization in muscle tissue and also analyzed the fiber type and fiber diameter of the pectoral muscles.
MATERIALS AND METHODS

Experimental Birds
This experiment was performed on 200 Greenleg Partridge cockerels and approved by the Local Ethics Committee in Olsztyn. One-day-old birds were weighed, marked with wing tags, and randomly distributed in pens at the experimental center of the Department of Commodity Science and Animal Improvement of the University of Warmia and Mazury in Olsztyn. The birds were fed commercial diets ad libitum (Table 1) . At 8 wk of age, the birds were randomly divided into 2 groups: a control group consisting of 100 uncastrated birds and a second group consisting of 100 castrated birds. Castrations were performed by a qualified veterinarian in accordance with Commission Regulation (EC) No. 543/2008. The testes were removed under general anesthesia by making an incision between the last 2 ribs on both sides. The birds were kept until they were 28 wk of age because the available literature did not specify an optimal time for slaughter. At 12, 16, 20, 24 , and 28 wk of age, 6 cockerels and 6 capons were slaughtered, and necropsy was performed. Slips (capons lacking fully removed testes) were eliminated from this experiment.
Histopathology, Histochemistry, and Morphometry
During necropsy, the internal organs, pectoral muscles, and thigh muscles were fixed in 10% neutralized formalin and embedded in paraffin blocks. The muscle sections (5 μm) were stained with hematoxylin and eosin (HE), as well as Mallory's trichrome (Bio-Optica, Italy) to detect connective tissue. Additionally, the pectoral and thigh muscles were submerged in 30% saccharose solution with sodium azide and then frozen. The frozen tissue was sectioned at a thickness of 8 μm and stained with Oil Red O (Bio-Optica, Milan, Italy) to detect lipids. Typing of the muscle fibers was accomplished using an ATPase staining kit (Bio-Optica, Milan, Italy) with the frozen sections (preincubated at pH 4.7). Each section was imaged using a Panoramic Scanner MIDI 3DHISTECH (3DHISTECH, Budapest, Hungary). The photographs were taken and the fiber diameters were measured using Panoramic Viewer software (3DHISTECH, Budapest, Hungary), and a minimum of 100 fibers was counted in each muscle section. Lipid concentrations were evaluated using an established 3-point scale: (+) low lipid content; (++) moderate lipid content; and (+++) high lipid content (M. Gesek, unpublished data).
Statistical Analyses
The statistical analysis involved evaluating the histopathological changes in the pectoral and thigh muscles between the cockerels and capons. We also examined the changes after different periods of fattening. The Kolmogorov-Smirnov nonparametric test was used, and P < 0.05 was considered statistically significant. The diameter of the muscle fibers was evaluated using Student's t-test assuming unequal variances in the 2 groups (in every age group). The homogeneity of variance was tested using Levene's test. Differences were regarded as significant at the level of P < 0.05. The data were analyzed using Statistica 9.0 software (Stat-Soft Inc, Tulsa, OK) (StatSoft, 2009).
RESULTS
The histological evaluation of skeletal muscles from capons and cockerels at different times after caponization is presented in Table 2 . Our analysis revealed that segmental defragmentation of the fibers, accumulation of adipose tissue, and the loss of cross striations were detected more often in the capons. Additionally, hyperplasia of smooth muscles in the arteries, infiltration of lymphoid cells, and 7 cases of fibromuscular dysplasia (FMD) were noted in the examined specimens. When the time since caponization was included in the model, the intensity of the lesions was similar in the capons and cockerels. The detected lesions were mostly diagnosed in the thigh muscles rather than the pectoral muscles in both groups. However, there were no statistically significant differences in the amount of histopathological changes between the pectoral and thigh muscles of the cockerels and capons. The multiple comparisons analysis suggested that the changes in the capons had a regular course and less quantitative variation. The number of changes tended to increase from the 20 weeks. In cockerels, the amount of changes observed had a nonregular course.
The Mallory's trichrome staining did not reveal any proliferation of connective tissue within the muscular tissue. Table 3 shows the localization of adipose tissue in the skeletal muscle at different times during the fattening period. The analysis of Oil Red O staining (Table 3) and the established 3-point scale revealed higher accumulations of adipose tissue in the capons during all the examined periods and in all 4 localizations: around the vessels (Figures 1 and 2) , in the perimysium between the fascicles (Figure 2) , in the endomysium between the fibers (Figures 2 and 3) , and in the sarcoplasm of the fibers (Figures 3 and 4) . Lipid accumulation was higher in the thigh muscles compared to the pectoral muscles in both the cockerels and capons (Table 3) .
Our analysis of the Pectoralis major muscle fiber type revealed that the fibers were all IIB type muscle fibers. Table 4 contains the fiber diameters and giant fibers of the pectoral muscles after different periods of fattening. Significant differences in the diameters of the muscle fibers were established between the cockerels and capons after 20 wk (P < 0.05), 24 wk (P < 0.05), and 28 wk (P < 0.05). There were significant differences in the diameters of the giant fibers between the cockerels and capons after 24 wk (P < 0.05) and 28 wk (P < 0.05). The diameters of the fibers were longer in the cockerels during all the periods examined.
DISCUSSION
There were minimal changes to the skeletal muscles in all the lesions detected in our study. A loss of cross striations and defragmentation of the fibers were the initial changes, which may have led to focal necrosis with inflammation. Focal necrosis was detected in only 5 birds and did not play any particular role in meat quality. Although more histopathological changes were observed in the capons, there were no significant differences between the capons and cockerels. According to various opinions, the morphological changes to the muscles of fast-growing birds (commercial broilers) are due to low capillary density and the consequent reduction in the oxygen supply (MacRae et al., 2006) . Birds with enhanced growth rates are more predisposed to changes in muscles compared to slow-growing birds (Kuttappan et al., 2013) . Additionally, the accumulation of metabolic waste products, increased levels of serum enzymes, and cation deregulation cause fiber damage. Consequently, even minimal damage attracts heterophils, macrophages, and lymphoid cells, which initiates the inflammatory reactions that result in lesions (MacRae et al., 2006; Kuttappan et al., 2013) . Mazzoni et al. (2015) observed several changes in the Pectoralis major muscles of heavy-sized male broilers such as myofibers with different shapes and diameters, diffuse thickening of the perimysium, fibrosis, degeneration and necrosis of the fibers, and infiltration of the T lymphocytes. Our findings were not as severe and included no fibrosis or massive necrosis. Atherosclerosis was detected in our samples but was not correlated with caponization. Our results were similar to those reported by Miler et al. (1985) in which a higher incidence of atherosclerosis was not observed in turkey capons compared to control groups. Our results confirm these observations. Caponization also did not influence the rate of FMD, as 6 of our 7 FMD cases were noted in cockerels. The medial fibromuscular dysplasia Table 2 . Histological lesions in the pectoral and thigh muscles of cockerels and capons after various times of fattening. Table 3 . Accumulation of adipose tissue in the pectoral and thigh muscles of cockerels and capons after various times of fattening. subtype was detected. FMD is an idiopathic, noninflammatory, nonartherosclerotic disease of arteries and veins in which the lumen is obstructed by a plug originating from the media of the vessel (Gesek et al., 2013a) . FMD has been diagnosed in the blood vessels of muscles and internal organs in turkeys and Japanese quails (Julian, 1980; Braga et al., 1996; Gesek et al., 2015) . Additionally, FMD was noted in our earlier studies in the arteries and veins of broiler chickens (Gesek et al., 2013a) . FMD also has been identified in various organs including the liver, kidneys, and lungs (Gesek et al., 2010 (Gesek et al., , 2013a (Gesek et al., , 2013b and also the vessels of the heart (Gesek et al., 2016) . The authors mentioned that they did not observe any circulatory disturbances in the internal organs due to the presence of FMD. In the vessels of turkey muscles, Julian (1980) noted the presence of small groups of fibers with Zenker's necrosis and cloudy swelling, as well as vacuolization. Ischemia in skeletal muscles also was detected, but no strict relationship between the occurrence of FMD and the diagnosis of lesions was observed. Braga et al. (1996) did not observe any muscle lesions in Japanese quails when FMD was diagnosed. Our analysis of lipid accumulation revealed that capons had a higher content of lipids in thigh muscles and pectoral muscles than the cockerels. Multiple studies have described the chemical composition of capon breast and leg muscles, but they examined level of fat only in a particular type of tissue. Our analysis shows the precise lipid localization in muscle tissue. We used an established 3-point scale to show that most of the fat accumulation was in the vessels area. In this localization the fat was visible in all the examined birds in all the groups, with a higher intensity in the thigh muscles compared to the breast. The accumulation was also more intense in the capons than in the cockerels. In the pectoral muscles at 12, 16, 20, and 24 wk of age, the low concentrations of fat were limited to the tissues around vessels and were observed in both capons and cockerels. Low concentrations of fat were observed in the perimysium, endomysium, and sarcoplasm of the fibers only at 28 wk of age and often in the capons. Although there is lack of information concerning lipid localization in pectoral muscles, chemical analyses have been conducted. Calik et al. (2015) did not observe any significant differences in fat composition in the pectoral muscles of Greenleg Partridges between capons and cockerels. However, Kwiecień et al. (2015) have reported a higher fat composition in the pectoral muscles of Greenleg Partridge capons compared to cocks. In thigh muscles at 12 wk of age, low concentrations of fat were observed around the vessels, in the perimysium, in the endomysium, and in the sarcoplasm of the capons and cockerels. A moderate concentration of fat around the vessels was observed in 3 capons (the 3 capons with low concentrations) at 16 wk of age, whereas the cockerels of all the birds had low concentrations of fat in this area. Differences were visible in a number of birds at the same ages with low concentrations of fat in the sarcoplasm of the fibers, and 5 capons had low concentrations compared with one cockerel. At 20 wk of age, the thigh muscles of the capons had higher fat concentrations in the vessel area, the perimysium, and the endomysium. The concentrations were similar at 24 and 28 wk of age, and all the examined areas had more fat accumulation. The chemical analyses of thigh muscles that have been conducted by other researchers confirm our observations. Kwiecień et al. (2015) have shown that the fat content is three times higher in the thigh meat of Greenleg Partridge capons compared with cocks. In medium-growing capons, Symeon et al. (2010) discovered that the fat content in thigh muscles was increased. Similarly, Sinanoglou et al. (2011) reported significantly higher total intramuscular fat content in the capons of medium-growing broilers compared with intact males.
In general, the thigh muscles of capons exhibited higher and more intense levels of fat accumulation compared with cockerels in all the examined periods. Our unpublished data regarding the chemical composition of the carcasses also revealed that there was more fat accumulation in the capon meat. We suggest that lipid localization influences the tenderness and flavor of meat. According to Symeon et al. (2010) , higher concentrations of lipids are undesirable to consumers for health-related reasons, but the ability of adipose tissue to improve the sensory values of meat will always be a major quality of native/traditional products. Tor et al. (2002) demonstrated that androgens exert variable effects on the growth of different muscle groups in birds. An analysis of muscle fiber diameter revealed significant differences between cockerels and capons at 20, 24, and 28 wk of age. Calik et al. (2015) examined Greenleg Partridge birds and, similar to our results, observed smaller fiber diameters in 24-week-old capons. Our observations revealed a wider range based on the length of time for fattening. We have reported that significant differences were already apparent at 20 wk of age and persisted to the end of the experiment. Interestingly, the diameters of the 24-week-old and 28-week-old capons and cockerels were not increased, indicating that the growth of the fibers was arrested. The giant fibers of the cockerels were bigger, and significant differences were noted from the 24th wk. The diameters of the giant fibers increased throughout the experiment. The smaller diameter of the fibers observed in the capons was similar to the results of Lin and Hsu (2002) , who also observed a decrease in the levels of testosterone. In Taiwan country chicken capons that were 28 wk of age, the diameters of the fibers were smaller and associated with lower plasma concentrations of testosterone (48.30 vs. 314.04 pg/mL) compared with intact birds (Lin and Hsu, 2002) .
Our analysis of fiber type in the breast muscles revealed that all the fibers were of the IIB type and confirmed our earlier thesis. Smith and Fletcher (1988) found no differences in fiber type according to age, sex or location in the muscles of broilers, roosters and hens. Other researchers observed type II fibers almost exclusively in all the examined groups. Jaturasitha et al. (2008) examined native breeds from Thailand and found that between 82.2 and 95.0% of the fibers were type IIB. Verdiglione and Cassandro (2013) also found that the Pectoralis major muscles of the Padovana and Berlanda native breeds were almost entirely of the IIB fiber type (fast-twitch glycolytic), which was in agreement with our observations.
CONCLUSION
The results of our study reveal differences between capons and cockerels in the localization and accumulation of fat, as well as in the diameters of the fibers, in the pectoral and thigh muscles. Our analysis of fat accumulation and fiber diameter in the pectoral muscles indicates that Greenleg Partridge capons should be slaughtered at 24 wk of age.
